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(57) An optical wavelength division multiplexing 
transmission network system having a star-topology 
network is disclosed, which comprises an arrayed- 
waveguide grating type multiplexing/demultiplexing cir- 
cuit having N input ports and N output ports, and N 
transmitting/receiving apparatuses, each apparatus 
including a transmitter, receiver, demultiplexer, multi- 
plexer, and N 2-input and 2 -output optical path switching 
elements corresponding to N wavelengths, so as to 
cope with a damage to a transmitting or receiving por- 
tion corresponding to a specific wavelength. Each 
switching element is independently switched between 
first and second connective conditions. In the first con- 
nective condition, the output port corresponding to a 
specific wavelength of the demultiplexer is connected to 
the input port corresponding to the specific wavelength 
of the receiver, and the output port corresponding to a 
specific wavelength of the transmitter is connected to 



the input port corresponding to the specific wavelength 
of the multiplexer; and in the second connective condi- 
tion, the output port corresponding to a specific wave- 
length of the transmitter is connected to the input port 
corresponding to the specific wavelength of the 
receiver, and the output port corresponding to a specific 
wavelength of the demultiplexer is connected to the 
input port corresponding to the specific wavelength of 
the multiplexer. 



CO 
CO 

o 



Q. 
LU 



OOCID: <EP 1043847A1_I_> 



Primed by Xerox 
2.16. 



(UK) Business Services 
7 (HRS)/3.6 



(Com. next page) 



EP 1 043 847 A1 



j. 1 ST TRAMSMITTIWyRECEIVIHQ APPARATUS ' ) 31 FIG. 1 < ttH TRAHaHITT INQ/RE(i£lVlN8 APPALS 1 




DOCID: <EP 1043647A1_I_> 



2 



V 



1 



EP 1 043 847 A1 



2 



Description 
TECHNICAL FIELD 

[0001] The present invention relates to a full-mesh 
optical wavelength division multiplexing transmission 
network system for transmitting a plurality of wave- 
length-multiplexed optical signals between a plurality of 
transmitting/receiving apparatuses. 

BACKGROUND ART 

[0002] In an optical wavelength division multiplexing 
(WDM) transmission system for transmitting a plurality 
of optical signals through a single optical fiber by 
assigning different wavelengths to each optical signal, it 
is possible not only to remarkably increase the capacity 
of the transmission path, but also to perform the "wave- 
length-addressing" operation in which information about 
the addressee of the relevant signal corresponds to 
each wavelength itself. 

[0003] A star-topology WDM system includes an 
arrayed -waveguide grating type multiplexing/demulti- 
plexing circuit (or arrayed-waveguide grating type 
multi/demultiplexer) in the center of the system, where 
this multiplexing/demultiplexing circuit has a wavelength 
response having a cyclic input/output relationship, and 
makes it possible to connect N transmitting/receiving 
apparatuses with each other. According to such a star- 
type WDM system, it is possible to realize a full-mesh 
WDM transmission network system only by using opti- 
cal signals of N wavelengths, in which each of N x N sig- 
nal paths for connecting the apparatuses with each 
other can be independently connected. 
[0004] Fig. 4 is a schematic diagram showing the 
structure of a conventional full-mesh WDM transmission 
network system. 

[0005] In the figure, reference numerals 1 to 7 indi- 
cate the 1st to Nth transmitting/receiving apparatuses 
(the 7th to (N-I)th apparatuses are not shown) for trans- 
mitting and receiving a WDM (wavelength-division-mul- 
tiplexed) signal (of wavelengths X^ to X^ t reference 
numeral 8 indicates anNxN arrayed-waveguide grating 
type muttiplexing/demutiplexing circuit (AWG) having N 
input and N output ports and having a wavelength 
response which has a cyclic input/output relationship. 
[0006] Fig. 5 is a diagram showing the general 
structure of the full-mesh WDM transmission network 
system in Fig. 4. 

[0007] In Fig. 5, reference numerals 9 to 12 indicate 
the 1 st to Nth transmitting/receiving apparatuses (the ith 
apparatus indicates any of the omitted apparatuses in 
the figure), reference numeral 13 indicates a receiver for 
receiving a WDM signal (of wavelengths X^ to XJ. refer- 
ence numeral 14 indicates a transmitter for transmitting 
a WDM signal (of wavelengths X^ to Xp). reference 
numeral 15 indicates a demultiplexer for demultiplexing 
a WDM signal transmitted through a single optical fiber, 



reference numeral 16 indicates a multiplexer for multi- 
plexing a plurality of optical signals having different 
wavelengths transmitted from the transmitter 1 4 so as to 
transmit a signal through a single optical fiber, reference 

5 numeral 1 7 indicates anNxN arrayed-waveguide grat- 
ing type multiplexing/demultiplexing circuit (AWG), and 
reference numerals 18 to 21 indicate optical ftoers for 
optically connecting the transmitting/receiving appara- 
tuses 9 to 12 and the input and output ports of AWG 17. 

to Here, the structure of each transmitting/receiving appa- 
ratus (10 to 12) is the same as the transmitting/receiving 
apparatus 9. 

[0008] Fig. 6 is a diagram showing the wavelength 
response having a cyclic input/output relationship, and 

is the connection relationship between the transmit- 
ting/receiving apparatuses and the AWG ports in the 
conventional full-mesh WDM transmission network sys- 
tem. For a simple explanation, the case using an 8 x 8 
AWG is shown in Fig. 6. 

20 [0009] Between 8 input ports and 8 output ports of 
the AWG, (8 x 8 =) 64 paths can be established; how- 
ever, the cyclic characteristic as shown in Fig. 6 makes 
it possible to independently establish 64 paths using the 
minimum 8 wavelengths. The above input and output 

25 ports of the AWG are connected to each relevant trans- 
mitting/receiving apparatus, so that each signal can be 
independently transmitted via any possible path 
between the eight transmitting/receiving apparatuses. 
Here, a specific wavelength X^ is assigned to each path. 

30 Therefore, it is possible to perform the wavelength 
addressing operation in which when the wavelength 
corresponding to a target receiver is selected at the 
transmitter side, a signal is automatically transmitted to 
the target receiver. 

35 [0010] Fig. 7 is a diagram for explaining the wave- 
length addressing operation. In the figure, reference 
numerals 22 to 29 indicate 8 transmitting/receiving 
apparatuses, and reference numeral 30 indicates an 8 x 
8 AWG. The wavelength response of the AWG and the 

40 connection relationship between the AWG ports and 
each transmitting/receiving apparatus are the same as 
those shown in Fig. 6. 

[001 1 ] The optical signal of wavelength X 7 transmit- 
ted from the 1st transmitting/receiving apparatus 22 is 
45 introduced to input port 1 of AWG 30, and is output from 
output port 2 to the 2nd transmitting/receiving appara- 
tus by switching the optical signal in the AWG 30 
according to its wavelength. Similarly, the response sig- 
nal of wavelength X 7 transmitted from the 2nd transmit- 
so ting/receiving apparatus 23 is transmitted to the 1st 
transmitting/receiving apparatus 22 via AWG 30. In 
addition, the optical signals having wavelengths X% and 
are respectively and automatically transmitted to the 
5th transmitting/receiving apparatus 26 and the 3rd 
55 transmitting/receiving apparatus 24. 

[0012] However, in the above conventional full- 
mesh WDM transmission network system, the 
addressee of the target signal one-to-one corresponds 
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to a wavelength; therefore, if the transmitter relating to 
the relevant wavelength or the semiconductor laser 
used as a light source is damaged, a signal cannot be 
transmitted to a target receiver. Also if the receiver relat- 
ing to the relevant wavelength is damaged, a similar 5 
problem occurs. These problems are serious for suita- 
bly operating and managing the system. Furthermore, 
in a conventional system, it is impossible to temporarily 
increase the transmission capacity between specific 
transmitting/receiving apparatuses. 10 

DISCLOSURE OF THE INVENTION 

[0013] In consideration of the above problems, an 
objective of the present invention is to provide a full- is 
mesh optical wavelength division multiplexing transmis- 
sion network system for suitably coping with a damaged 
transmitter or receiver corresponding to a specific wave- 
length, and for temporarily increasing the transmission 
capacity between specific transmrtting/teceiving appa- so 
ratuses in case of need. 

[0014] To achieve the above objective, the present 
invention provides an optical wavelength division multi- 
plexing transmission network system comprising: 

25 

an arrayed-waveguide grating type multiplex- 
ing/demultiplexing circuit having N input ports and 
N output ports, where N is a plural number; and 
N transmitting/receiving apparatuses, each appara- 
tus being optically connected to a predetermined 30 
input port and a predetermined output port of the 
arrayed-waveguide grating type multiplex- 
ing/demultiplexing circuit, wherein: 
the arrayed-waveguide grating type multiplex- 
ing/demultiplexing circuit has a wavelength 35 
response having a cyclic input/output relationship; 
and 

each transmitting/receiving apparatus comprises: 

a demultiplexer for demultiplexing an optical 40 
signal input from the predetermined output port 
of the arrayed-waveguide grating type multi- 
plexing/demultiplexing circuit into signals of N 
wavelengths, and respectively outputting the 
demultiplexed optical signals from N output 45 
ports; 

a transmitter for respectively transmitting opti- 
cal signals of N wavelengths from N output 
ports; 

a receiver for respectively receiving optical sig- so 
nals of N wavelengths from N input ports; 
a multiplexer for multiplexing optical signals of 
N wavelengths input from N input ports, and 
outputting the multiplexed signal to the prede- 
termined input port of the arrayed-waveguide ss 
grating type multiplexing/demultiplexing circuit; 
and 

N 2-input and 2-output optical path switching 



elements corresponding to N wavelengths, 
each switching element being independently 
switched between first and second connective 
conditions, wherein: 

in the first connective condition, the output port 
corresponding to a specific wavelength of the 
demultiplexer is connected to the input port 
corresponding to the specific wavelength of the 
receiver, and the output port corresponding to 
a specific wavelength of the transmitter is con- 
nected to the input port corresponding to the 
specific wavelength of the multiplexer; and 
in the second connective condition, the output 
port corresponding to a specific wavelength of 
the transmitter is connected to the input port 
corresponding to the specific wavelength of the 
receiver, and the output port corresponding to 
a specific wavelength of the demultiplexer is 
connected to the irput port corresponding to 
the specific wavelength of the multiplexer. 

[0015] According to the present invention, an opti- 
cal signal transmitted to the demultiplexer of a relevant 
transmitting/receiving apparatus via the switching oper- 
ation of the arrayed-waveguide grating type multiplex- 
ing/demultiplexing circuit according to the wavelength of 
the optical signal can be returned by using the relevant 
2-input and 2-output optical path switching element in 
the transmitting/receiving apparatus so that the 
returned signal is transmitted via the multiplexer to the 
arrayed-waveguide grating type multiplexing/demulti- 
plexing circuit again. This optical signal is re-switched in 
the arrayed-waveguide grating type multiplexing/demul- 
tiplexing circuit according to the wavelength, and is 
transmitted to another transmitting/receiving apparatus. 
[001 6] That is, when an optical signal is transmitted 
from the transmitter of one of the transmitting/receiving 
apparatuses to (the receiver of) a target transmit- 
ting/receiving apparatus (i.e., addressee), even if the 
transmitting or receiving portion corresponding to the 
relevant wavelength is damaged, an optical signal can 
be bypassed and transmitted to the target receiver by 
(repeatedly) performing the signal-returning operation 
as explained above. 

[001 7] In addition, according to the above structure, 
a plurality of signal paths can be temporarily established 
between specific transmitting/receiving apparatuses by 
switching the connective condition of each 2-input and 
2-output optical path switching element, thereby tempo- 
rarily increasing the transmission capacity. 
[0018] As a preferable example, in the connection 
between the anayed-waveguide grating type multiplex- 
ing/demultiplexing circuit and the transmitting/receiving 
apparatuses, the ith input port and the ( N - i + 1 )th out- 
put port of the arrayed-waveguide grating type multi- 
plexing/demultiplexing circuit are respectively 
connected to the multiplexer and the demultiplexer of 
the ith transmitting/receiving apparatus via an optical 
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fiber, where i is an integer from 1 to N. 
[0019] In addition, each of the N 2-input and 2 -out- 
put optical path switching elements may be a thermo- 
optic switch using the thermooptic effect of a silica- 
based planar lightwave circuit. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

10 

Fig. 1 is a diagram showing the general structure of 
an embodiment of the optical wavelength division 
multiplexing transmission network system accord- 
ing to the present invention. 

Fig. 2 is a diagram showing the wavelength 75 
response which has a cyclic input/output relation- 
ship of the AWG and the connection relationship 
between th e transmitt ing/r eceivi ng apparatuses 
and the ports of the AWG in the embodiment. 
Fig. 3 is a diagram for explaining an operation 20 
example of the optical wavelength division multi- 
plexing transmission network system in the embod- 
iment. 

Fig. 4 is a schematic diagram showing the structure 

of a conventional full -mesh WDM transmission net- 25 

work system. 

Fig. 5 is a diagram showing the general structure of 
the conventional full-mesh WDM transmission net- 
work system. 

Fig. 6 is a diagram showing the wavelength 30 
response having a cyclic input/output relationship, 
and the connection relationship between the trans- 
mitting/receiving apparatuses and the AWG ports in 
the conventional system. 

Fig. 7 is a diagram for explaining an operation 35 
example of the conventional optical wavelength 
division multiplexing transmission network system. 

MODES FOR CARRYING OUT THE INVENTION 

40 

[0021] Hereinbelow, preferred embodiments of the 
present invention will be explained with reference to the 
drawings. 

[0022] Fig. 1 is a diagram showing of an embodi- 
ment of the general structure of the optical wavelength 45 
division multiplexing (WDM) network system according 
to the present invention. 

[0023] In Fig. 1, reference numerals 31 to 34 indi- 
cate the 1st to Nth transmitting/receiving apparatuses 
(the rth apparatus indicates any of the omitted appara- so 
tuses in the figure), reference numeral 35 indicates a 
transmitter for transmitting a WDM (wavelength-drvi- 
sion-muftiplexed) signal (of wavelengths to XJ. refer- 
ence numeral 36 indicates a receiver for receiving a 
WDM signal (of wavelengths to A^. reference 55 
numeral 37 indicates a multiplexer for multiplexing a plu- 
rality of optical signals having different wavelengths so 
as to make a signal transmitted through a single optical 



fiber, reference numeral 38 indicates a demultiplexer for 
demultiplexing a WDM signal transmitted through a an- 
gle optical fiber, reference numeral 39 indicates a 
switching section including N switches, that is, 2-input 
and 2 -output optical path switching elements 39 1 to 
39^|. for switching and supplying optical signals from the 
transmitter 35 and optical signals from the demultiplexer 
38 to the receiver 36 and multiplexer 37, reference 
numeral 40 indicates an N x N arrayed-waveguide grat- 
ing type multiplexing/demultiplexing circuit (AWG), and 
reference numerals 41 to 44 indicate optical fibers for 
optically connecting the transmitting/receiving appara- 
tuses 31 to 34 and the input and output ports of AWG 
40. Here, the structure of each of the 2nd to Nth trans- 
mitting/receiving apparatuses (32 to 34) is the same as 
the 1 st transmitting/receiving apparatus 31 . 
[0024] In the present embodiment a 1 x N AWG is 
used for each of the multiplexer 37 and the demulti- 
plexer 38, and each of the 2-input and 2-output optical 
path switching elements 39-, to 39 N is realized by using 
a 2 x 2 thermo-optic switch (TOSW) using the thermo- 
optic effect of a silica-based planar lightwave circuit (i. e. , 
silica-based PLC). 

[0025] When each 2x2 TOSW (39 t to 39 N ) is oper- 
ated in the cross mode, the optical signals from the 
transmitter 35 are introduced to the multiplexer 37 while 
the optical signals from the demultiplexer 38 are intro- 
duced to the receiver 36. Usually, the 2 x 2 TOSW is 
operated in this cross mode. 

[0026] When each 2x2 TOSW is operated in the 
bar mode, the optical signals from the demultiplexer 38 
are introduced to the multiplexer 37 so that the relevant 
signal is returned to optical fiber 41 connected to the 
AWG 40. In addition, the optical signals from the trans- 
mitter 35 are returned to the receiver 36 in the same 
transmitting/receiving apparatus. 
[0027] The N 2 x 2 TOSWs (39! to 39m) respec- 
tively correspond to the different wavelengths of the 
WDM signal; thus, the mode of each switch can be inde- 
pendently set at any time. That is, in each 2x2 TOSW, 
the bar mode may be defined as the usual mode, and 
also in this case, similar effects according to the present 
invention can be obtained. 

[0028] In the connection between the AWG 40 and 
the transmitting/receiving apparatuses 31 to 34, the rth 
input port (i is any integer from 1 to N) and the 
(N - i + 1 )th output port of AWG 40 are connected to 
the ith transmitting/receiving apparatus. 
[0029] Fig. 2 is a diagram showing the wavelength 
response which has a cyclic input/output relationship of 
the AWG and the connection relationship between the 
transmitting/receiving apparatuses and the ports of the 
AWG of the full -mesh WDM transmission network sys- 
tem of the present embodiment, in case that N = 8. The 
wavelength response of the AWG is the same as that of 
the conventional example shown in Fig. 6. 
[0030] The connection relationship between each 
transmitting-side apparatus and the input ports of the 



5 



DOCID: <EP 1043S47A1 J_> 



7 



EP 1 043 847 A1 



8 



AWG is also the same as that of the conventional exam- 
ple; however, the connection relationship between each 
receiving-side apparatus and the output ports of the 
AWG is different from the conventional case. In the 
present embodiment, each receiving-side apparatus i is 
connected to the (N - i + 1 )th output port (that is the (9 
- i)th output port, here). 

[0031] Fig. 3 is a diagram for explaining the opera- 
tion of the present embodiment. In this figure, reference 
numerals 45 to 52 indicate the 1st to 8th transmit- 
ting/receiving apparatuses, and reference numeral 53 
indicates an 8 x 8 AWG. Here, the number of each 
transmitting/receiving apparatus (45 to 52), the wave- 
length response of AWG 53, the connection relationship 
between the AWG ports and the transmitting/receiving 
apparatuses, and the like, are similar to those explained 
by using Fig. 2. 

[0032] In the above structure, in order to transmit a 
signal from the 1 st transmitting/receiving apparatus 45 
to the 3rd transmitting/receiving apparatus 47, only by 
transmitting an optical signal of wavelength A3, the sig- 
nal is automatically transmitted from the 1st transmit- 
ting/receiving apparatus 45 via AWG 53 to the 3rd 
transmitting/receiving apparatus 47 according to the 
wavelength response as shown in Fig. 2. 
[0033] In this process, it is assumed that the trans- 
mitting portion for transmitting the optical signal of A3 of 
the 1st transmitting/receiving apparatus 45 is damaged 
and thus the optical signal A3 cannot be output from the 
apparatus 45. In this case, it is impossible to directly 
transmit a signal to the 3rd transmitting/receiving appa- 
ratus 47. 

[0034] Therefore, among the 2 x 2 TOSWs 39 1 to 
39m of the 6th transmitting/receiving apparatus 50, the 
connective condition of the 2x2 TOSW 39$ corre- 
sponding to wavelength Xq is switched from the cross 
mode (i.e., the usual mode) to the above-explained bar 
mode, so that the signal of wavelength Xq, introduced to 
the 6th transmitting/receiving apparatus 50, is returned 
from this apparatus. Under this condition, when an opti- 
cal signal of wavelength Xq is transmitted from the 1st 
transmitting/receiving apparatus 45, the signal is trans- 
mitted via AWG 53 to the 6th transmitting/receiving 
apparatus according to the wavelength response as 
shown in Fig. 2. In the 6th transmitting/receiving appa- 
ratus 50, the 2 x 2 TOSW is set in a manner such that 
the optical signal of wavelength Ag is returned. There- 
fore, the signal of wavelength Xq is transmitted from the 
6th transmitting/receiving apparatus 50 to AWG 53 
again, and the signal is further transmitted to the 3rd 
transmitting/receiving apparatus 47 according to the 
relationship as shown in Fig. 2. 

[0035] As explained above, the signal transmission 
from the 1st transmitting/receiving apparatus 45 to the 
3rd transmitting/receiving apparatus 47 can be per- 
formed via the 6th transmitting/receiving apparatus 50 
by using wavelength A^ as substitute for wavelength X3. 
[0036] In the above process, the optical signal is 



bypassed by not converting the optical signal to an elec- 
tric signal; thus, no undesirable limitation is imposed on 
the speed of the signal transmission and the protocol. 
[0037] Also in the 6th transmitting/receiving appara- 
5 tus 50 in which the connection mode of the 2 x 2 TOSW 
39 s is switched as explained above, the signals having 
wavelengths other than A, 8 can be transmitted with no 
problem. 

[0038] In another example, the connective condition 

10 corresponding to wavelength X 7 of the 2 x 2 TOSWs of 
the 5th transmitting/receiving apparatus 49 and the 7th 
transmitting/receiving apparatus 51 may be switched to 
the bar mode so as to return signals. Also in this case, 
the optical signal of wavelength A 7 , transmitted from the 

15 1st transmitting/receiving apparatus 45, can be trans- 
mitted via the 7th transmitting/receiving apparatus 51 
and the 5th transmitting/recaving apparatus 49 to the 
3rd transmitting/receiving apparatus 47. 
[0039] In the above explanation, it was assumed 

so that the optical signal of wavelength A3 cannot be trans- 
mitted from the 1 st transmitting/receiving apparatus 45, 
but the bypassing operation using wavelength Xq can be 
independently set and performed regardless of wave- 
length A3. Similarly, a plurality of optical signals can be 

25 simultaneously transmitted between the 1st transmit- 
ting/receiving apparatus 45 and the 3rd transmit- 
ting/receiving apparatus 47, thereby temporarily 
increasing the transmission capacity. 
[0040] In addition, only the transmission path 

30 between the 1st transmitting/receiving apparatus 45 
and the 3rd transmitting/receiving apparatus 47 was 
explained in the above embodiment. However, with ref- 
erence to the relationship shown in Fig. 2, it is obvious 
that a similar transmission path can be established 

35 between other transmitting/receiving apparatuses. 

[0041] Furthermore, the connection relationship 
(i.e., combination) between the AWG ports and the 
transmitting/receiving apparatuses is not limited to that 
shown in Fig. 2, but is it obvious that other connection 

40 relationships for realizing operations similar to those of 
the above embodiment can be used in the present 
invention. 

Claims 

45 

1. An optical wavelength division multiplexing trans- 
mission network system comprising: 

an arrayed-waveguide grating type multiplex- 
so ing/demultiplexing circuit having N input ports 
and N output ports, where N is a plural number; 
and 

N transmitting/receiving apparatuses, each 
apparatus being optically connected to a pre- 
ss determined input port and a predetermined 
output port of the arrayed-waveguide grating 
type multiplexing/demultiplexing circuit, 
wherein: 
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the arrayed -waveguide grating type multiplex- 
ing/demultiplexing circuit has a wavelength 
response having a cydic input/output relation- 
ship; and 

each transmitting/receiving apparatus com- 5 
prises: 

a demultiplexer for demultiplexing an opti- 
cal signal input from the predetermined 
output port of the arrayed-waveguide grat- 10 
ing type multiplexing/demultiplexing circuit 
into signals of N wavelengths, and respec- 
tively outputting the demultiplexed optical 
signals from N output ports; 
a transmitter for respectively transmitting 15 
optical signals of N wavelengths from N 
output ports; 

a receiver for respectively receiving optical 
signals of N wavelengths from IM input 
ports; 20 
a multiplexer for multiplexing optical sig- 
nals of N wavelengths input from N input 
ports, and outputting the multiplexed signal 
to the predetermined input port of the 
arrayed-waveguide grating type multiplex- 25 
ing/demultiplexing circuit; and 
N 2-input and 2 -output optical path switch- 
ing elements corresponcfing to N wave- 
lengths, each switching element being 
independently switched between first and 30 
second connective conditions, wherein: 
in the first connective condition, the output 
port corresponding to a specific wave- 
length of the demultiplexer is connected to 
the input port corresponding to the specific 35 
wavelength of the receiver, and the output 
port corresponding to a specific wave- 
length of the transmitter is connected to 
the input port corresponding to the specific 
wavelength of the multiplexer; and 40 
in the second connective condition, the 
output port corresponding to a specific 
wavelength of the transmitter is connected 
to the input port corresponding to the spe- 
cific wavelength of the receiver, and the 45 
output port corresponding to a specific 
wavelength of the demultiplexer is con- 
nected to the input port corresponding to 
the specific wavelength of the multiplexer. 

so 

2. An optical wavelength division multiplexing trans- 
mission network system as claimed in claim 1, 
wherein in the connection between the arrayed- 
waveguide grating type multiplexing/demultiplexing 
circuit and the transmitting/receiving apparatuses, ss 
the ith input port and the (N - i + 1 )th output port of 
the arrayed-waveguide grating type multiplex- 
ing/demultiplexing circuit are respectively con- 



nected to the multiplexer and the demultiplexer of 
the rth transmitting/receiving apparatus via an opti- 
cal fiber, where i is an integer from 1 to N. 

3. An optical wavelength division multiplexing trans- 
mission network system as claimed in claim 1, 
wherein each of the N 2-input and 2 -output optical 
path switching elements is a thermo-optic switch 
using the thermo-optic effect of a silica-based pla- 
nar lightwave circuit. 

4. An optical wavelength division multiplexing trans- 
mission network system as claimed in claim 2, 
wherein each of the N 2-input and 2 -output optical 
path switching elements is a thermo-optic switch 
using the thermo-optic effect of a silica-based pla- 
nar lightwave circuit. 
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